Introduction
Cancer treatment is based inter alia on preventing the proliferation of cancer cells by blocking DNA replication. 1 Therefore, DNA is the primary target for many anticancer drugs.
2 This is also true for metal-containing drugs because of the metal-binding sites on DNA. 3 The pharmacological activities of complexes depend on the type of metal ion and ligands. 4 Therefore, complexes synthesized from the same ligands with different metal ions have different biological properties. 5 In the present study the drug efficiencies of the transition metal complexes of two different oxime ligands were evaluated as a result of their interactions with DNA. Oximes are widely identified ligands and the potential applications of their metal complexes are of great interest to scientists. Briefly, metallodrugs containing oxime ligands are widely utilized in drug discovery 7 to overcome the side effects of platinum-based drugs. 8 Transition metal complexes showing pharmaceutical activity through interaction with DNA are bound to DNA either covalently or noncovalently. Intercalation, which is related to the antitumor activity of the compound, is one of the most important DNA binding modes 9 and occurs by the insertion of a planar molecule between DNA base pairs. As a result of intercalation, cellular degradation begins with the decrease in the DNA helical twist and lengthening of the DNA. 10 Moreover, redox active coordination complexes induce DNA cleavages depending on the type of metal ion, which plays a critical role. Complexes having such a capability are useful tools in molecular biology and medicine. 11 The topoisomerase inhibition efficiency of a complex also contributes to its evaluation as an anticancer agent because DNA topoisomerases are vital enzymes for cellular functions. 12 One of the topoisomerases, topoisomerase I, is only responsible for breaking single-stranded DNA. 13 It was discovered that the growth of cancer cells might be prevented by blocking this breaking activity. Investigations of new metal complexes as potential topoisomerase I inhibitors are important since most of the known topoisomerase inhibitors exhibit several limitations such as poor solubility, dose-limiting toxicity, reversibility of cleavage complex formation, and also developed resistance mechanisms.
14 Because of the deleterious effects of free radicals, it is worth investigating the complexes with strong antioxidant activity in addition to their DNA-binding properties and cleavage activities. ligands were investigated in terms of their DNA binding ability, DNA cleavage activity, and antioxidant efficiency on DPPH (2,2'-diphenyl-1-picrylhydrazyl) free radicals, hydroxyl radicals, and superoxide anions. Because colorectal cancer is among the most common cancers worldwide, 16 the cytotoxic effect of the complexes on human colon cancer cells (WiDr) was determined and their selectivities were evaluated on normal colon human cells (CCD 841 CoN) and foreskin fibroblast cells. This was because it is preferential to find a molecule that can kill cancer cells without significant toxicity to normal cells.
Results and discussion

Characterization
Analytical and physical data of the mononuclear Mn(II) The IR spectra provided enough information to elucidate how the ligands bond to the metal ions. The IR spectra of ligands 1 and 2 show ν (C=N) and ν (=N-OH) peaks at 1633 and 3404 and at 1603 and 3361 found that the ν (C=N) bands in the complexes are shifted by about 1-41 cm −1 to the higher/lower energy regions compared to the free ligands. 17 A broad phenolic OH peak of free ligands 1 and 2 at about 3100-3200 cm −1 disappears on complexation. This phenomenon appears to be due to the coordination of the azomethine nitrogens and phenolic oxygens to the metal ion.
18
The assignment of bands to various M-N and M-O stretching vibrations in the lower region of the spectra is difficult as the ligand vibrations interfere. Hence, the assignments made here tentative. corresponding to the N=CH imine proton resonance. The singlets at δ 11.604 and 11.552 ppm correspond to the C=N-OH proton resonance, respectively, and these singlets disappear on deuterium exchange. The NMR spectra of 1d, 1e, and 2e could not be taken due to their low solubilities. The spectrum of diamagnetic Ni(II) complex 2c was only recorded in d 6 -DMSO solution using tetramethylsilane (TMS) as the internal standard. Singlets belonging to imine and oxime protons at δ 8.384 and 11.552 ppm, respectively, in the spectrum of 2 shifted to 8.184 and 11.478 ppm. The phenolic OH proton signal at δ 11.135 also disappeared. These observations are the consequence of ligand coordination to the nickel(II) ion via azomethine and phenolic oxygen atoms.
Analysis by ESI mass spectral data of the complexes derived from ligands 1 and 2 indicated ions at m/z To understand the effect of a coordination compound on DNA as an anticancer drug is very important. Binding of the molecules on DNA may occur in various ways depending on their charges. Although it is difficult to precisely determine the binding mode of the molecules to DNA, electronic absorption spectroscopy is the most useful method for determining the binding mode. 25 This is because the changes observed in the spectrum can provide information about the type of interaction, and the size of spectral change is proportional to the strength of binding. 26 The absorption spectra for 1 and 2e as representative examples are shown in Figure 2 . For the others, similar spectra were obtained. As can be clearly understood from Figure 2 , with the addition of DNA, the absorption intensities belonging to both the ligand and the complex gradually decreased. At about 347 nm, hypochromicity was observed at about 15% with a very low bathochromic shift (0.5 nm) for 1. For 2e, at 402.50 nm, 46% hypochromicity with 5 nm of red shift was obtained. The values obtained for the others are given in Table 1 .
It can be understood from Table 1 that with the addition of calf thymus (CT) DNA to molecules, a decrease in the maximum absorbance (hypochromism) and a shift at the wavelength belonging to the maximum absorbance was observed for almost all the molecules studied (except 1b and 1d) at different rates. The red shift was observed in the case of the some molecules, but a hypsochromic shift occurred for others. Evaluating these two different situations, it can be said that all the molecules studied bound to CT-DNA via intercalation. Intercalation ability of the complexes was attributed to partial insertion of planar aromatic ligands in between the DNA base pairs. 27 Because the extent of spectral change is concerned with the strength of binding, it can be said that the Mn complex of 2 (2a) bound the DNA most effectively compared to the others. 28 When EB intercalates with DNA, the maximum absorption of free EB at 480 nm shifts to a higher wavelength and a decrease in absorption is observed. This observation is proof for the intercalation of EB into the DNA. 29 It may be seen from Figure 3 that the absorption maxima of free EB shifted to 482 nm in the presence of DNA. Addition of 1b (as a representative) to the EB-DNA solution caused an increment in the absorption intensity, which is an indication of competitive binding of 1b with EB to bind to DNA. Similar trends were observed for all other molecules. The results clearly suggest that the investigated oxime ligands and their transition metal complexes bind to DNA in an intercalative mode.
Topoisomerase I inhibition
Topoisomerase I, an enzyme that unwinds DNA during transcription or replication, is an important cellular target for anticancer treatment. 12, 30 It is known that DNA intercalators can significantly interfere with these shows the absorbance changes upon increasing complex concentration.
physiological processes by occupying the topoisomerase-binding site on DNA or forming stabilized ternary complexes. 30 As shown in Figure 4 , supercoiled plasmid DNA (pBR322) (line 1) was fully relaxed by human topoisomerase I (line 2) in the absence of ligands or complexes. However, this relaxation was not observed when the molecules at 0.4 mM were added to the mixture of enzyme and plasmid DNA. The DNA relaxation was moderately prevented in the presence of all molecules studied. The effects of all molecules were almost identical, except for 2d and 2e. Because of the rate of transformation of relaxed DNA to supercoiled DNA, they had the least effect. 
DNA cleavage activity
Hydrolytic cleavage activity
The agarose gel electrophoresis images for 1 and 2c (as representative examples) obtained using different buffer solutions to determine the effects of pH are given in Figure 5 . At pH 6 provided by Tris-HCl buffer, 1 and 2c were the most effective. Similar results were obtained for the others. The optimum pH for nuclease activity of the molecules investigated was usually provided at values higher than 6 in the Tris-HCl buffer. When the phosphate buffer was used, nuclease activity was much lower in the case of many of the molecules. This result has been commented on by Zhu et al. 31 as showing that the binding site of the metal complex was the negatively charged phosphates of the DNA backbone. The binding event between molecules and DNA might be inhibited by the competition of the phosphates in the buffer with the phosphates on the DNA backbone.
To assess the dependency on concentration, pBR322 DNA was incubated for 6 h with different concentrations of the molecules in the Tris-HCl buffer at the pH value determined as optimum. As observed in Figure Figure 5 . pH dependence of the nuclease activity of 1 and 2c. 1: DNA control, 2-5: phosphate (NaH 2 PO 4 -Na 2 HPO 4) buffer was used; 6-10: Tris-HCl buffer was used. 2 and 7: pH 6; 3 and 8: pH 7; 4 and 9: pH 8; 5 and 10: pH 9; 6: pH 5.
6, with increasing 2d concentrations (10-500 µ M), the cleavage was found to be much more efficient and there was a gradual decrease in the amount of the supercoiled form with a simultaneous increase in the nicked form. Similar results were obtained for 2a and 1c. In the case of free ligands, an increase in concentration did not contribute to the cleavage activity even at 2 mM ( Figure 6 , 2). With an increasing concentration of the molecules, form II increased gradually, but form III (linear DNA) did not occur for most of the complexes. It can thus be concluded that the complexes have weak nuclease activity. The linear form was only observed in the presence of 0.5 mM of 1c. The most effective cleavage profile was observed for 2a in that form III appeared before the disappearance of form I ( Figure 6 , lane 2). This phenomenon indicates that the complex had an ability to cause direct double-strand scission. 32 Due to the disruption of DNA into small pieces, EB staining could not be observed in the presence of 2a at concentrations higher than 50 µ M. At 10 µ M the nuclease activity of 1a, 1b, 1d, 2b, and 2e was the most effective. Interestingly, any further increase in the concentration of these molecules resulted in suppression of DNA-cleaving ability. The results obtained from the cleavage reactions are consistent with the results obtained from the DNA binding studies. In the DNA binding studies, a high degree of hypochromicity was observed in the presence of 2a. To test the ionic strength effect, except for addition of NaCl at different concentrations, the molecule concentration and the medium pH were used according to values determined from previous experiments. At low salt concentrations an increase was first observed for cleavage activity, and then a decline occurred as concentration increased. This can be clearly seen in Figure 7 for 2c. At concentrations above 10 mM NaCl, the nuclease activity decreased prominently in the case of most of the molecules. These results imply that the electrostatic interaction can influence the DNA cleavage reaction to some degree. With increased reaction time, the amount of form II increased and form I gradually disappeared. Form III even appeared for some of the molecules after 3 or 6 h. That is to say, cleavage of DNA by the complexes studied is dependent on the reaction time. Similar results are also available in the literature.
33, 34 The reverse is not available in the literature. However, the results of several investigations revealed that the extension of the incubation time for cleavage reaction had no effect. 35 In particular, 1a, 1c, 1e, 2a, and 2e exhibited higher nuclease activity compared to the others. This is understood from the appearance of smears on the agarose gel electrophoresis images. 36 An image indicating time-dependent activity for 2a is given in Figure 7 . During the studied incubation periods, control experiments using DNA alone were performed, but no significant cleavage of pBR322 DNA was monitored (data not presented).
DNA cleavage mechanism
DNA cleavage experiments were carried out in the presence of some standard radical scavengers to investigate which mechanism was responsible for DNA cleavage mediated by the ligands/complexes. 37 NaN 3 , L-histidine, KI, ethanol (EtOH), methanol (MeOH), tert-butyl alcohol (t -BuOH), and DMSO did not alter the DNA cleavage activity of the ligands/complexes as shown in Figure 8 for 2e (as representative). This rules out the possibility of cleavage by singlet oxygen, hydroxyl radical, and hydrogen peroxide. However, in the presence of catalase, while waiting for a similar result to be obtained for KI, an unexpected result was encountered. In the presence of catalase, a smear formation was observed with increasing activity. Superoxide dismutase (SOD) had a distinct influence on the DNA cleavage, suggesting that the superoxide anion is involved in the cleavage process. EDTA ( Figure 8 , lane 12) efficiently inhibited the DNA cleavage activity of the complexes, but in the case of the ligands it was not found to have any effect. EDTA, a metal-chelating agent that strongly binds to the metal ion in the complex structure forming a stable complex, can efficiently inhibit DNA cleavage, indicating that the complexes play the key role in cleavage. 
Oxidative DNA cleavage
The effect of several external agents, such as H 2 O 2 , ascorbic acid (AA), mercaptoethanol (ME), and dithiothreitol (DTT), on nuclease activity was evaluated. Reaction mixtures were prepared to contain supercoiled DNA, 25 µ M complex/125 µ M ligand, and one of these auxiliary reagents at different concentrations:
, ME (0.4 M), and DTT (0.32 mM) in buffer. The incubation period was 3 h at 37
Furthermore, control experiments were carried out in the presence of these coreagents together with pBR322 in the absence of the ligands/complexes under similar experimental conditions and no significant DNA cleavage was observed (Figure 9 , DNA).
The inductive effects of the H 2 O 2 , DTT, and AA were almost equal for most of the ligands/complexes. However, ME did not change or even reduce the activity in many cases. The agarose gel electrophoresis images for 1a and 2a (as representative examples) are shown in Figure 9 . Because the concentrations of the DTT and AA in the reaction medium were less than that of H 2 O 2 , it can be concluded that the activator effect of the H 2 O 2 was weaker than the others. Increased activity in the presence of H 2 O 2 may be associated with increased production of hydroxyl radicals. 38 In particular, the inductive effect of the AA was greatest for 1a, 1d, 1e, and 2e. As a result of these experiments, it can be said that complexes can cleave DNA both in hydrolytic and oxidative ways. However, the hydrolytic cleavage of DNA is more advantageous than the oxidative cleavage. 
Antioxidative activity
Molecules with antioxidant properties potentially have a crucial role for the elimination of the reactive oxygen species (ROS) and repair of damaged DNA. Furthermore, it is a well-known fact that transition metal complexes have significant antioxidative activity.
40,41
It is extremely important to reveal the hydroxyl radical scavenging activity of a compound. It can be seen from Table 2 that the SC 50 values calculated for ligands and complexes are significantly lower than the value found for mannitol. This means that the hydroxyl radical scavenging activity of the molecules investigated is much greater than that of standard mannitol. A similar result in the literature was reported by researchers working on Y(III) and Eu(III) complexes of naringenin-2-hydroxy benzoyl hydrazone ligand. 42 The hydroxyl radical scavenging capacities of the molecules were almost the same, except 1, which had the lowest activity. Several transition metal mixed-ligand complexes with flexible geometric transformations around the metal centers, especially Mn, Cu, or Zn, can act as SOD enzymes even though their structures are totally unrelated to the native enzyme. 5 The calculated SC 50 value for the native SOD enzyme was much lower than those for the molecules studied, but the activities of the ligands and complexes were comparable to the results of previously studied molecules in the literature, such as Co and Zn complexes of the 2, 6-di((phenazonyl-4-imino) methyl)-4-methylphenol ligands. 43 The molecules investigated in the present study may be used as the SOD enzyme mimic.
The DPPH free radical scavenging activity of all the complexes was higher than the activity of butylated hydroxyanisole (BHA). The activity of AA was lower than that of most of the complexes, too. As a result, it can be said that the complexes investigated are more effective radical scavengers compared to standard antioxidants.
To summarize, complexes generally have higher antioxidant capacities than ligands. The activity could be enhanced by the presence of metal ions. The antioxidant activity of the molecules is related to their molecular 
Cytotoxic findings
Cytotoxic studies are generally performed by MTT assay. MTT (3-,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide), a water-soluble tetrazolium salt, is converted to an insoluble purple formazan within the mitochondria. This formazan product is impermeable to cell membranes and thus accumulates in healthy cells.
45
However, newer tetrazolium salts such as MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium), WSTs (water-soluble tetrazolium salts), and XTT (2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide) can pass back out of the cell after reduction. For this reason, the WST-1 method was preferred in this study.
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The studied ligands/complexes were evaluated in terms of their antiproliferative effects and selectivity on human colon adenocarcinoma, human colon, and human foreskin fibroblast cell lines. In this way, all the results obtained could be more valuable. Results were calculated as IC 50 (µ g/mL) and compared with the results obtained for cisplatin (Table 3) 
. Except for the Zn(II) complex of the 2-hydroxy-5-[(E)-(4-phenyl) diazenyl]
benzaldehyde oxime ligand (1e), the others were not as effective as cisplatin on human colon adenocarcinoma. However, other molecules, especially 2e and both of the ligands, also had substantial activity. It is notable that 1e was more active than cisplatin.
The main objective of the studies in the field of new anticancer drug development is for them to have higher efficiency and selectivity than the existing anticancer drugs. 47 Efficiency for a newly synthesized drug should be effective at lower concentrations than the reference drug on cancer cell lines. From this point of view, it can be seen that 1e was more effective than the cisplatin and other complexes on the used cell lines. However, selectivity for a new drug is known to mean that the drug must be ineffective on healthy cell lines at the concentration at which it reduces the proliferation of cancer cells. When considered from this perspective, 1e once more came into prominence among the other molecules, but its selectivity was lower than cisplatin. The findings of the cytotoxic activities confirmed the binding of the complexes to DNA at varying degrees, which consequently leads to cell death. Except for 1e, both of the ligands (1 and 2) and 2e also inhibited cell growth at a rate of 50% at extremely low concentrations. It is thought that this situation was due to the synergistic effect between ligands and the central metal atom, because 1e and 2e are the Zn complexes of the studied oxime ligands. Furthermore, it was found in the DNA binding studies that the complexes mentioned showed moderate hypochromicity compared to other complexes. In addition to this, they had nuclease activity, which could convert the supercoiled plasmid DNA to the linear form at a low concentration of 10 µ M. On the other hand, the topoisomerase inhibition efficiency of 2e was found to be very high.
In conclusion, ten transition metal complexes were prepared and characterized with the two azo-oxime ligands. All the complexes interacted with DNA via intercalation at different degrees. The complexes had the ability to cleave supercoiled DNA by hydrolytic and oxidative means. Because of their potentials as topoisomerase inhibitors and antioxidants they may be evaluated as anticancer drugs that are alternatives to cisplatin. In particular, one of the complexes, 1e, had a cytotoxic effect on human colon cancer cells. All of them also had greater free radical scavenging activities than standard antioxidants. The next step for this study should be the investigation of signaling pathways for apoptosis and cell proliferation of 1e and 2e on the same cell lines for elucidating the possible mechanism of the determined efficiency and selectivity of these complexes. To improve the selectivity of 1e, new designs based on coordination chemistry should be formulated.
Experimental
Chemicals
All chemicals used throughout the study were of analytical reagent grade and were provided commercially by Sigma. Double-distilled water was used for all experimental processes. Fetal bovine serum (FBS) was obtained from Biochrom (Berlin, Germany), penicillin-streptomycin from GIBCO (Paisley, UK), and trypsin-EDTA solu- (2) were prepared by the modification of the reported method, 48, 49 and their complexes investigated in terms of interactions with DNA were prepared by the reported methods. 
Instrumentation
Melting points (mp) were determined on a Barnstead/Electrothermal 9100 apparatus in open capillary tubes.
The FT-IR spectra were measured as KBr pellets on a PerkinElmer 100 FT-IR spectrometer. Electronic absorption spectra of all studied molecules were recorded in the absence and presence of CT-DNA on a Shimadzu UV-1800 UV-Vis spectrophotometer from 200 to 600 nm. Cleavage experiments were performed with the help of the Wide Mini-Sub Cell GT System (Bio-Rad) supported by PowerPacBasic (BioRad), and gel patterns of electrophoresis were visualized under UV light and photographed by the QUANTUM ST5 (Vilber Lourmat) gel documentation system. 
Synthesis of the ligands
2-Hydroxy-5-[(E)-(4-phenyl)diazenyl]benzaldehyde oxime, H
2-Hydroxy-5-[(E)-(4-nitrophenyl)diazenyl]benzaldehyde oxime, H
2 L 2 (2) H 2 L 2(
Preparation of metal complexes (1a-1e, 2a-2e)
Complexes 1a-1e/2a-2e were synthesized following the same procedure adopted for complex 1a using mM NaCl buffer solution (pH 7.2) followed by stirring for 3 days at 4
• C and the ratio of UV absorbance at 260
and 280 nm of the freshly prepared CT-DNA solution was calculated as ∼ 1.8-1.9:1, indicating that the DNA was sufficiently free of protein. The concentration of the solution was also determined by UV absorbance at 260 nm using the molar extinction coefficient of 6600 M −1 cm −1 for DNA at this wavelength. The DNA stock solution was stored at 4
• C in the dark and needed to be consumed within a week after preparation. 51 The concentrated stock solutions of the molecules for binding and cleavage studies were prepared by dissolving in DMSO and DMF, respectively, and diluted appropriately to the required concentration with the corresponding buffer for all the experiments, taking care that the final DMSO or DMF concentration never exceeded 10% v/v.
Monitoring the absorption spectra
The absorption titration experiment was performed by maintaining the concentration of the free ligand or its metal complex constant (15 µ M) and gradually increasing the concentration of CT-DNA (0-38 µ M). The reference solution included Tris-HCl buffer solution and DMSO, the quantity of which was the same as the amount in the sample cuvette. While measuring the absorption spectra, an equal amount of DNA was added to both the compound solution and the reference solution to eliminate the absorbance of DNA itself. After each addition of CT-DNA to the cuvettes, the resulting solution was allowed to equilibrate at 25
• C for 10 min before measurements were taken. The addition of CT-DNA during the process was repeated until there was almost no change in the spectra, indicating that binding saturation had been reached. To exhibit the dependence of the cleavage activity on various conditions, several experiments were performed under different conditions without an additional agent.
31
To determine the most effective pH for cleavage reactions, reactions between plasmid DNA (250 ng) and molecules were performed in 50 mM phosphate (for pH 6.0-9.0) and 50 mM Tris-HCl (for pH 5.0-9.0) buffer solutions for 6 h at 37
• C. Reactions were terminated by adding the loading buffer.
To demonstrate the dependence on ligand/complex concentration of the cleavage activity, reaction mixtures were constructed to contain different concentrations of molecules.
By increasing the ionic strength in reaction medium by adding NaCl at different concentrations (0-250 mM), the electrostatic contribution to the DNA cleavage was detected.
To determine ideal incubation time, reaction mixtures were prepared considering the values determined earlier for pH and concentration of ligand/complex and NaCl, and they were incubated for different periods of time such as 1, 3, 6, and 12 h.
Determination of the reactive oxygen species effective at hydrolytic cleavage
Cleavage reactions were carried out in the presence of DMSO, t-BuOH, EtOH, and MeOH as hydroxyl radical scavengers; NaN 3 and L-histidine as singlet oxygen scavengers; SOD as superoxide radical scavenger; EDTA as chelating agent; and catalase and KI as H 2 O 2 scavengers. The SC 50 values, i.e. the concentration scavenging 50% of the free radicals in the medium, were calculated by plotting values found for scavenging activities as a function of molecule concentrations. Performing the same procedure for the BHA and AA as for the known antioxidants, the SC 50 values were also calculated and compared with those obtained for the compounds.
Hydroxyl radical scavenging activities
Hydroxyl radical scavenging activities of the ligands/complexes were screened according to the deoxyribose method modified by Hagerman et al. 55 Reactions were performed in 10 mM phosphate buffer (pH 7.4) containing deoxyribose (2.8 mM), H 2 O 2 (2.8 mM), FeCl 3 (25 µ M), EDTA (100 µ M), and the ligand or complex as a sample to be tested. Reactions were initiated with the addition of AA to the final concentration of 100 µ M and the mixtures were incubated at 37
• C for 1 h. Following the incubation, after the addition of thiobarbituric acid (TBA, 1%) and then trichloroacetic acid (TCA, 2.8%) cooled with ice to the reaction mixtures, the resultant mixtures were incubated in a boiling water bath for 20 min and gave yields with color formation. Mixtures were transferred to n -butanol after cooling and the absorbance of each tube was measured against n -butanol at 532 nm. A ligand/complex-free reaction mixture was used as a blank. Under the same assay conditions, mannitol, which is one of the natural antioxidants, was tested to compare it with the ligands'/complexes' activity. SC 50 values were also calculated for all samples according to the procedure followed in the DPPH test.
Superoxide dismutase activities
For the determination of superoxide radical scavenging activity, the nitro blue tetrazolium (NBT) photoreduction method was used and the SOD activity of the ligands/complexes was investigated by comparing the commercial SOD enzyme from bovine erythrocytes. Superoxide radicals were generated in 50 mM phosphate buffer (pH 7.8) containing 0.1 M EDTA, 2 µ M riboflavin, 13 mM L-methionine, and 75 µM NBT. Solutions of molecules or native enzyme at different concentrations were added to each radical-producing mixture. Each reaction mixture was incubated in the presence of a fluorescent light for 5 min and absorbances were measured at 560 nm.
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By using the absorbance of the mixture in the absence of the tested compounds as the blank, the percentage inhibition (I%) of NBT reduction was calculated as above. SC 50 values were also calculated following the method used in the DPPH test. By comparing the values, molecules were evaluated for whether the ligands/complexes were SOD equivalents or not.
Cell culture
The human colon adenocarcinoma cancer cell line (WiDr, ATCC-CCL-218), human colon normal cell line (CCD 841 CoN, ATCC-CRL-1790), and human normal foreskin fibroblast cell line (ATCC-CRL-2522) were purchased from the American Type Culture Collection (Manassas, VA, USA). All cells were cultured in EMEM supplemented with 2 mM L-glutamine, 10% heat inactivated FBS, and 1% antibiotic solution (penicillin and streptomycin) with a 5% CO 2 supply at 37
• C.
Cytotoxicity assay
The cytotoxic potential of studied molecules was determined by WST-1 colorimetric assay based on succinate dehydrogenase activity after treatment for 72 h.
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Cisplatin was used as a reference chemotherapeutic. Cisplatin and all test compounds were dissolved in DMSO. The final concentration of DMSO did not exceed 0.5% in culture media during any experiments, and this concentration of DMSO did not affect cell morphology or viability.
When enough cells were produced, cells were trypsinized and centrifuged at 130 ×g for 6 min and the pellet was dissolved in the medium. The cell suspension was mixed with trypan blue and spread on a Neubauer chamber to be counted by using an inverted microscope (Nikon Eclipse TS100, Japan). Cells were then added to a 96-well flat-bottomed cell culture plate at a density of 5000 cells per well. The final volume of the wells was completed to 200 µ L with medium. After removing the well contents at the end of 24 h, 200 µ L of fresh medium was added to each well. At the same time the molecules studied and cisplatin at different concentrations (0-10 µ g/mL) were added to the medium. In this manner, cells were exposed to different concentrations of ligands and complexes. After removing the well contents at the end of 72 h, 90 µ L of fresh medium and 10 µ L of WST-1 reagent were added to each well and incubated at 37
• C for 2 h. After the reaction period, the samples were shaken for 1 min and absorbance was measured at 440 nm with 620 nm of reference wavelength by a spectrophotometer (VersaMax; Molecular Devices, Sunnyvale, CA, USA).
All experiments were repeated on three independent days so that there were 6 wells for each drug concentration. Optical densities (ODs) were used to determine % cell viabilities using the formula [(OD of treated group / OD of control group) × 100] in treatment cells compared to control cells with no compound exposure.
58 A log-concentrations versus % cell viabilities graph was plotted, and IC 50 values were determined using this logarithmic graph. IC 50 represents the concentration in µ g/mL required for 50% inhibition of cell growth compared to negative control cells. 
